In the previous experiments6), effects of repetitive stimulation of the brain stem upon monosynaptic reflex (MSR) and polysynaptic reflex of extensor and flexor motoneurons and galvanic skin reflex have been investigated with special reference to their interrelationships.
In the previous experiments6), effects of repetitive stimulation of the brain stem upon monosynaptic reflex (MSR) and polysynaptic reflex of extensor and flexor motoneurons and galvanic skin reflex have been investigated with special reference to their interrelationships.
Single pulse stimulation was also employed instead of repetitive stimulation in the case of extensor MSR.
In order to analyse further mechanisms of inhibitory and facilitatory effects of the brain stem reticular formation, an attempt was made, in the present experiments, to investigate the effects of single pulse stimulation of the brain stem upon individual motoneurons by means of the firing index method of LLOYD and MCINTYRE5).
The effects of repetitive stimulation of the brain stem upon gamma efferents were also investigated in comparison with the effects upon MSR to the same muscles.
METHOD
Experiments were conducted on 42 adult cats weighing 2.0-3.5 kg. Firing index of LLOYD and MCINTYRE5) was measured by picking up potentials from S1 ventral root filaments with 30 repetitive stimulations of the gastrocnemius nerve, in order to ascertain the excitability of individual motoneurons.
The interval of the stimulation was varied for each filament to the extent that the firing index became approximately 50%, so that inhibitory as well as facilitatory effects of the brain stem stimulation upon it could be easily recognized. The firing index curve of each ventral root filament was graphed for 20 msec. following single pulse stimulation of the brain stem, by plotting firing indices at various intervals.
Afferent discharges of group Ia, II and lb fibers of the gastrocnemius and soleus muscles were picked up from the distal cut end of the S1 dorsal root filaments, in order to observe the effect of brain stem stimulation upon gamma efferents. In this series of experiments, MSR of the gastrocnemius and soleus motoneurons was picked up from the gastrocnemius nerve by stimulating the proximal cut end of the S1 dorsal root.
For the identification of the group Ia, II and lb fibers, following characteristics of each fiber were referred to: (1) group lb fiber does not show any pause of dis-charge during muscle twitch, (2) there exists distinct difference in conduction velocity between group I and group II fibers, (3) no increase in afferent discharge is seen in the case of group lb fibers following intravenous injection of succinylcholine according to GRANIT et al. 4 ) and FUJIMORI et al.2).
The limb was rigidly fixed at hip, knee and ankle. The Achilles tendon was cut, and tension of 25 grams (occasionally 50 grams in the case of group lb fiber) was applied to it which was connected to an isometric strain-gauge myograph.
The sensitivity of the strain-gauge was adjusted usually 1 mm deflection to 1 gram tension.
As for the repetitive stimulation of the brain stem, a train of square pulses (0.3 msec. pulse width, 150 per sec. frequency and 15 sec. duration) was employed as in the previous experiment.
The results were recognized as positive when over 30% of average change in frequency of afferent discharges of three trials was observed. However, those data in which any discernible contraction of the muscle was recognized by means of strain-gauge, were discarded from the result.
Other experimental procedures are as described in the previous paper 6). Experimental setup for gamma efferents and an example of identification of an afferent fiber are shown in FIG.1 in each sensory fiber of the muscle were picked up from S, dorsal root filaments.
A certain tension was applied to the tendon which was connected to an isometric strain-gauge myograph.
FIG.2.
Identification of sensory fibers of the muscle An example is shown in which discharges were observed during muscle twitch (A). Following succinylcholine injection no increase in discharge frequency was recognized
On the basis of these data and of the conduction velocity, the fiber under examination was judged as a group Ib fiber which showed facilitatory effect upon brain stem stimulation (B) (for details see the discussion).
RESULTS

I
. Analysis of effects by means of firing index On single pulse stimulation of the brain stem, 5 types of effects upon extensor monosynaptic reflex were observed as reported previously 6). Among them, it was noticed that diphasic inhibitory type, i.e., initial slight increase of amplitude of MSR followed by its marked decrease, was observed in relatively high percentage.
In order to analyse further these types of effect upon MSR, firing index curves of ventral root filaments were graphed by stimulation of the same single points in the brain stem where the types of effect upon MSR caused by single pulse stimulation as well as effects upon MSR caused by repetitive stimulation had been checked.
Ten to 30 filaments were tested successively at each stimulating point. In some instances, effects upon firing index curve of the same filament were also examined by the stimulation of different points in the brain stem.
As a result, two patterns of firing index curve were obtained: monophasic
Two patterns of firing index curve A. First, upon repetitive stimulation of a certain point in the medial medulla, moderate inhibition of extensor MSR was obtained.
B. Second, upon single pulse stimulation of the same point, diphasic inhibitory type of MSR (mixed effect) was observed.
C. Third, firing indices were measured from ventral root filaments at various intervals following single pulse stimulation of the same point. Firing index curves of each filament were graphed. Two patterns of firing index curves were obtained: monophasic positive and monophasic negative deflections. Latency of the former was a little shorter than that of the latter. In inset photographs, the number of single motoneuron discharges is seen to increase in the right as compared with the left side as a result of brain stem stimulation. positive and monophasic negative curves as shown in FIG.3 .
The figure illustrates that a diphasic type of effect upon MSR was obtained by single pulse stimulation of a point in the medial medulla (B) where a pure inhibitory effect upon MSR by repetitive stimulation had been observed (A).
Stimulating the same point, two patterns of firing index curve were recognized (C).
The duration and time constant of these curves were 12-16 msec. and 3.5-5.3 msec. respectively. The latencies of the negative curves were 5 to 10 msec. in the medulla, and 6-10 msec . in the mid-brain, while the shortest latencies of positive curves were a little shorter, viz., 4 and 5 msec. in the medulla and midbrain respectively.
It was found, however, that the above noted rather smooth monophasic patterns were obtained by weak stimulations near threshold. By stronger stimulations, irregularity appeared on the recovery phase of the curve, without being accompanied by any changes in the initial part of the curve.
There was a marked correspondence between the types described above of the effect of single pulse stimulation. upon MSR and the two patterns of the firing index curve.
The negative and positive patterns were frequently obtained from the points where respectively monophasic inhibitory and monophasic facilitatory types of effects upon MSR, were observed, and both patterns were obtained from the points where diphasic types of effect upon MSR were recognized.
In one instance, 8 positive and 22 negative firing index curves were obtained by stimulating the same single point in the lateral medulla where diphasic inhibitory type of effects upon MSR had been observed by single pulse stimulation. The arithmetic mean curve of these 30 firing index curves was found to resemble the time course of the diphasic inhibitory effect on MSR. observed by single pulse stimulation of the same point.
II. Analysic of effects on gamma efferents
After the effects had been obtained of single pulse stimulation upon MSR of the gastrocnemius and soleus motoneurons, effects upon afferent discharges in the group Ia, II and Ib fibers from these muscles were observed by testing dorsal root filaments one after another.
For the latter experiment, repetitive stimulation was applied to the same point in the brain stem instead of single pulse stimulation.
The results obtained from 743 cases of group Ia and II fibers by stimulating 43 points in the brain stem are summarized in FIG.4 .
By stimulating single inhibitory or facilitatory points for MSR, corresponding inhibitory or facilitatory effects upon afferent discharges of group Ia fibers were frequently observed.
That is to say, facilitatory effect upon group Ia fibers was observed in 18.4% and 90.0% of effectively stimulated cases at the stimulating points where respectively pure inhibitory (type I) and pure facilitatory (type F) effects upon MSR were recognized.
Effects upon afferent discharges of group II fibers were almost reversed, viz., facilitatory effect upon them was recognized in 93.3% and 46.7% by stimulating respectively the single inhibitory (type I) and facilitatory (type F) points for MSR.
Throughout the results, however, it was noticeable that no effect was observed upon afferent discharges of group Ia and II fibers in relatively high percentages (38.2-51.5% ) by stimulating the points where distinct effect upon MSR was recognized.
As for the effects of brain stem stimulation upon afferent discharges of group Ib fibers, inhibitory as well as facilitatory effects were observed in some instances, viz., in 7 cases (4 facilitatory and 3 inhibitory) of 31 tested group Ib FIG.4 . Relationship between effects upon MSR and those upon afferent discharges of group Ia and II fibers.
In the left column schematic illustrations of 5 types of extensor MSR are shown. In the right column percentages of effects upon afferent discharges of group Ia and II fibers are shown. They were obtained by stimulating respectively the points in the brain stem from where effects upon MSR shown in the left column were obtained. The numbers in the right column indicate total numbers of fibers investigated. Corresponding to the simple inhibitory type of MSR (uppermost line) the percent of inhibitory effect is the highest in the case of group Ia fibers, whereas not inhibitory but facilitatory effects are distinct in the case of group II fibers. Corresponding to the simple facilitatory type of MSR (fourth line), facilitatory effect is in the highest percentage in the case of group Ia fibers.
Throughout the results, it is noticeable that " no effect " is observed in relatively high percentages.
fibers. These effects still remained at the stage when the neuromuscular transmission to extrafusal muscle fibers had been blocked by intravenous injection of Flaxedil.
DISCUSSION
According to LLOYD and MCINTYRE 5), firing index method is comparable to the intracellular microelectrode technique in the study of excitability of an individual motoneuron.
Therefore, in the present experiments, it was aimed to examine the excitability change of individual motoneurons following brain stem stimulation using the firing index method.
Two kinds of firing index curve, monophasic positive and monophasic negative, were obtained from ventral root filaments by stimulating single points in the brain stem where diphasic as well as monophasic types of effect on MSR had been observed to result from single pulse stimulation.
These two patterns resembled respectively in time course the excitatory (EPSP) and inhibitory postsynaptic potentials (IPSP), which were recorded from motoneurons with an intracellular microelectrode by BROCK, COOMBS and ECCLES 1). This resemblance seems to be reasonable, since the change in excitability of an individual motoneuron following brain stem stimulation may be attributable to the postsynaptic potentials produced by the brain stem stimulation. The irregularity of the recovery phase of the firing index curve which was observed to result from stronger stimulations may be due to the effects of indirect impulses through interneurons from the brain stem.
It was noticed that the shortest latency of the positive firing index curve obtained by medullary stimulation was 4 msec. which was approximately 1 msec. longer than that of facilitatory effect on MSR reported previously 7,6). In other words, the shortest latency of the effect of brain stem stimulation upon individual motoneurons was approximately 1 msec. longer than that upon MSR. This may be due to a special feature of MSR, viz., the discharges of motoneurons which compose the later fraction of the electrogram of MSR of approximately 1 msec. duration may cause the amplitude of the MSR to increase under the effect of brain stem stimulation.
As to the effects of brain stem stimulation upon gamma efferents, the present study may be characterized by its separate investigation of group la, II and Ib fibers and by its comparative study of the effects upon the MSR to the same muscles.
The result was that afferent discharges of group Ia fibers showed a tendency to respond in the same direction as MSR, whereas effects upon those of group II fibers appeared rather different from those upon MSR.
The discordance between the effects upon discharges of group Ia and II fibers by stimulation of same single points might be attributable to the fact that the stimulation may exert different effects upon individual gamma neurons which innervate muscle spindles, as is the case upon individual motoneurons, and to the fact that group la and II fibers tested might belong to different muscle spindles.
Inhibitory as well as facilitatory effects of brain stem stimulation upon the discharge of group Ib fibers were recognized in some instances.
It was noticeable that these effects still remained after the block of neuromuscular transmission to extrafusal muscle fibers following administration of Flaxedil. This block was ascertained by the facts that neither tension increase was detected by a strain-gauge nor evoked electromyogram by a coaxial needle electrode when the tibial nerve was stimulated.
It is difficult to give account of the mechanism of these effects of brain stem stimulation upon tendon organ within the range of the present experiments. However, the result reported by GRANIT et al. 3 ) that early discharge of group Ib fiber was observed following single pulse stimulation of the ventral root may provide some suggestion about this mechanism.
